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Description 

FIELD OF THE INVENTION 
5 [0001] This Invention relates to a process for the purification of proteins expressed in prokaryotic cells 
BACKGROUND OF THE INVENTION 

[0002] Recombinant DNA technology nnakes It possible to produce large announts of desired proteins. Bacteria are 
10 a particularly convenient source for recombinant protein production for purification purposes. They can be grown in 
very large quantities under well-defined conditions, and they are relatively easy to break open for extraction. (VIost 
importantly, molecular cloning techniques altow high levels of expression in bacteria of almost any protein from any 
organism, bacterial or otherwise. Unfortunately, bacterially expressed proteins are often difficult to purify because of 
their tendency to precipitate within the cell. The precipitated protein fomris Inclusion bodies: dense, granular structures 
IS that are distributed throughout the cytoplasm. Inclusion body formation Is especially common for nonbacterial proteins, 
although even native bacterial proteins show a tendency to aggregate when they are expressed at very high levels. It 
is not known exactly how they are fornied, but It Is thought that the protein Is partially or incorrectly folded. The major 
disadvantage of inclusion bodies Is that extraction of the protein of Interest generally requires the use of denaturing 
agents. This can cause problems when a native folded protein Is required, because refolding methods are not always 
20 1 00 percent effective and can be difficult to scale-up. 

[0003] The advantage of Inclusion bodies is that they generally allow greater levels of expression, and they can be 
separated easily from a large proportion of bacterial cytoplasmic proteins by centrlfugatlon, providing an effective pu- 
rification step. 

[0004] For bacterial E. coll lysis, techniques such as mechanical lysis, sontcatlon, enzymatic lysis and detergent lysis 
25 are available. These techniques, however, either require special Instrumentation or have certain limitations. Most im- 
portantly, these methods can neither fully recover soluble recombinant proteins, nor regain inclusion bodies. Thus, the 
yield of recombinant proteins can be very low. It is necessary to explore alternative methods in order to improve protein 
yields by recovering both the soluble fraction and Insoluble fraction of the recombinant protein. 

30 DESCRIPTION OF THE INVENTION 

[0005] According to the present Invention, a Reverse Phase Chromatography (RPC) step is interposed between the 
extraction/denaturatlon step and the subsequ ent refolding step, resulting In an Increased yield of the protein and other 
advantages that will become apparent In the following description. It Is believed that the removal of most cell-derived 

35 impurities in the RPC step helps In obtaining a higher yiel d In the subsequent refolding step, although the Invention 
should be considered Independently from this hypothesis. Compounds stick to reverse phase HPLC columns In high 
aqueous mobile phase and are eluted from RP HPLC columns with high organic mobile phase. In RP HPLC compounds 
are separated based on their hydrophobic character. Since columns are tubular, column dimensions usually take the 
following format. Internal diameter X length (for example 4.6mm X 250mm). 

40 [0006] The stationary phase Is generally made u p of hydrophobic alkyi chains (-CHg-CHg-CHg-CHg ) that interact 
with the analyte. 

[0007] in fact, media for RPC are typically highly substituted with hydrophobic iigands and the binding of substances 
to RPC media is usually very strong and requires organic solvents for elution. 

[0008] SOURCE™ (Amersham) RPC can be used at full pH range. SOURCET"^ RPC are designed for fast, high 
45 perfonmance preparative separations of bio -molecules such as proteins, peptides and oligonucleotides. The media 
have matrices based on rigid, poiystyrene/divinyl benzene, with monoslzed beads of diameters 15 jim or 30 pm re- 
spectively. 

[0009] Pore size distribution Is controlled and reproducible. The wide pH stability and high capacity make SOURCE'^ 
RPC media an interesting alternative to silica-based media. The high chemical stability of the matrix offers unmatched 

so flexibility in choice of running and cleaning conditions. 

[0010] The reverse phase soh^ents are by convention installed on the HPLC channels A and B. The A sohrent by 
convention Is the aqueous solvent (water) and the B solvent by convention is the organic solvent (acetonitriie, methanol , 
propanol). It is important to follow this convention since the tenns A and B are commonly used to refer to the aqueous 
and organic solvents respectively. The A solvent Is generally HPLC grade water with 0.1% acid. The B solvent is 

55 generally an HPLC grade organic solvent such as acetonitriie or methanol with 0.1% acid. The acid is used to the 
improve the chromatographic peak shape and to provide a source of protons I n reverse phase LC/MS. The acids most 
commonly used are fomnic acid, triflouroacetic acid, and acetic acid. 

[001 1] As already said, the process of the invention represents in an Improvement in this process consisting In that 
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a Reverse Phase Chromatography (RPC) step is interposed between the extraction/denaturation step and the subse- 
quent refolding step. However, ail the steps normally carried out in a classical process for purifying a protein recom- 
binantty produced In prokaryotic host cells are reported here b elow Just for completeness. 

[0012] Normally a ctassteai process for purifying a protein produced In prokaryotic cells also includes the toiiowing 
5 steps: 

• Preparation of celt lysates from the host cells 

• Isolation of inclusion bodies 

• Solubilization of the aggregated proteins in the inclusion bodies/denaturation step 
10 • Refotding/renaturation of the soiubilized proteins. 

Preparation of ceil lysates from the host cells 

[0013] The protein expressed in prokaryotic cells needs first to be extracted from the host cells in which It has been 
1^ expressed. A variety of methods are available to ryse cells. Whicti of these methods should be used in a specific case 
depends on the type of host ceils and on the quantity of ceils to be tysed. 

[001 4] The first choice to make is that of the nature and the pH of the buffer system we want to use. This depends on: 

• the stability of the target protein with respect to plH and the buffering compound. 
20 • the purifteatlon procedure. 

[0015] To avoid time and protein loss caused by an additional buffer exchange step, It is advisable to choose a buffer 
that is compatible with the first chromatography step (see chromatography). Buffers and their pH ranges are listed in 
Table 1 . The most used buffers are phosphate, Trts - HCi and HEPES NaOI-l. They are normally used at concentrations 
25 of 20-50 mM. 



Table 1 





Buffer 


pH range 


30 


Citric acid - NaOH 


2.2 - 6.5 




Sodium citrate - citric acid 


3.0 - 6.2 




Sodium acetate - acetic acid 


3.6-5.6 




Cacodylic acid sodium salt - HCI 


5.0 - 7.4 




IWES-NaOH 


5.6-6.6 


35 


Sodium di hydrogen phosphate - 






disodium hydrogen phosphate 


5.8-8.0 




Imidazole - HCi 


6.2 - 7.8 




MOPS - KOH 


6.6 - 7.8 


40 


Triethanolamine hydrochloride - NaOH 


6.6 - 8.8 




Tris - HCi 


7.0 - 9.0 




HEPES - NaOH 


7.2 - 8.2 




Tricine - NAOH 


7.6-8.6 




Sodium tetraborate - boric acid 


7.6 - 9.2 


45 


BIclne • NaOH 


7.7 - 8.9 




Glycine - NaOH 


8.6-10.6 



[0016] Depending on the target protein, it may be necessary to add compounds to the lysis buffer to improve the 
stability of the target protein and to keep the protein In solution. The most used additives, their effective concentrations, 
an d their general purpose are listed in Table 2. 



Table 2 



55 



Class of Additive 


Example 


Concentration 


Purpose 


Salts 


NaCi, KCI, (NH^)2S04 


50-150 mM 


maintain ionic strength of medium 


Detergents 


Deoxychoiate, Triton X-100 


0.1-1% 


solubilization of pooriy soluble proteins 



3 
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Table 2 (continued) 



Class of Addttlve 


Example 


Concentration 


Purpose 


Glycerol 




5-10% 


stabilization 


Glucose or sucrose 




25 mM 


Stabilize lysosymal membranes, reduce 
protease release 


Metal chelators 


EDTA, EGTA 


1 mM 


reduce oxidation damage, chelate metal 

ions 


Reducing agents 


2-Mercaptoethanol, DTT 


0.05% 


reduce oxidation 


Ligands, metal Ions 


Mg2+, ATP, GTP 


1-10 mM 


stabilization 



{0017] An important class of additives Is the protease inhibitors. In general cell disruption leads to the release of 
proteolytic enzymes, which could lower the overall yield. To control this undesirable proteolysis It may be necessary 
to add a cocktail of protease inhibitors to the cell suspension. Since many of these compounds are not very stable in 
aqueous solutions it is important that they are added to the lysis buffer from a stock solution in an organic solvent 
(methanol, ethanol, isopropanol. or DMSO) immediately before use. 

[0018] Although It Is impossible to give a general lysis buffer, a good starting buffer would be: 

20 

50 mM TrIs-HCI pH 7.5 
100 mM NaCI 
1 mM DTT (Dithiothreitol) 
5% glycerol (possibly). 

25 

[0019] Most lysis methods cause the release of nucleic acids (DNA and RNA). These have to be removed because 
they can cause viscosity problems or due to their Interference with subsequent chromatographic steps. Different meth- 
ods exists: 

• Enzymatic digestion by the addition of DNase I (1 p.g/ml) to the cell lysate. The mixture is incubated on Ice for 
10-15 mln. 

• Mechanical breakdown by shearing during sonlcation. When the French Pressure Cell Is used It is advisable to 
add DNase to the cell suspension. 

• Precipitation by treatment with polyethyleneimine (0.1 % (wA^)) or protamine sulphate (1 % (wA^)) followed by cen- 
^ trif ugation. Add the predpitants to the-cell iysate and Jricub^ the solution for 30 Tn^ 

[0020^ Different methods are used for the preparation of cell lysates from E. co// cells. 

[0021] Sonication is the most popular technique for lysing small quantities of cells (1-6 L of cell culture). Cells are 
lysed by liquid shear and cavitation. DNA Is also sheared during sonlcation, so It Is not necessary to add DNase to the 
cell suspension. The main problem Is controlling the temperature. This is addressed by keeping the suspension on ice 
and using a number of short pulses (5-10 sec) with pauses (10-30 sec) to reestablish a low temperature. For cell 
quantities larger than 50 g the method is of limited value because of the difficulty in maintaining low temperatures and 
the long sonlcation times needed to reach adequate lysis. 

[0022] Homogenizers are the most common devices to lyse bacteria. The presses lyse cells by pressurizing the cell 
^ suspension and suddenly releasing the pressure. This creates a liquid shear capable of lysing cells. Typical operating 
pressures for the older type of homogenizers. the French press and Manton -Gauiln homogenlzer, are 6000-10,000 
psi. Multiple (2-3) passes are generally required to achieve adequate lysis. The high operating pressures, however, 
result in a rise in operating temperatures. 

[0023] Therefore, pressure cells are cooled (4^'C) prior to use. In addition to temperature control, care should be 

^ taken to avoid inactivating proteins by foaming. 

[0024] Modern homogenizers are often continuous and can be operated at higher pressures. At EMBL we have an 
Avestln Emulsiflex-C5 that efficiently lyzes E. co// ceils In one passage at 15,000 psI (100 MPa). 
[0025] Enzymatic lysis is based on the digestion of the peptldoglycan layer of the bacterial cell wall by lysosyme. 
Gram-negative bacteria, however, have an outer membrane that is external to the cell wall and needs to be permea- 

^ blllzed to expose the peptldoglycan layer. Jr\s, often used as a buffer In lysis methods, effectively permeabillzes outer 
membranes. This effect can be enhanced by the addition of EDTA (1 mM). EDTA chelates the magnesium ions that 
stabilize membranes. During cell lysis often a lot of DNA is liberated and it becomes necessary to add DNase (1 mg/ 
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ml) to reduce the viscosity of the preparation. Enzymatic cell lysis can be carried out on any scale but for large-scale 
preparations the lysosyme and DNase can get expensive. To increase the level of ceil lysis the solutton can be sonicated 
(see above). 

[0026] An alternative lysis method is to freeze the cells directly In liquid nitrogen and ground the frozen cells to a 
powder using a mortar and pestle that are chilled with liquid nitrogen. The powder can be stored indefinitely at -80**C 
and the cell lysate can be prepared by adding the powder to 5 volumes of buffer. 

[0027] The extent of the solubilization and the stability of the solubllized protein depend on the detergent type and 
concentration. It Is not possible to give general rules for either of these variables and they have to be optimized exper- 
imentally. Important for the solublilzation Is the deterge nt-to-protein ratio. At low ratios (1 :1 0) the membranes are lysed 
and large complexes of are formed containing protein, detergent, and membrane lipids. With progressively larger ratios 
smaller complexes are obtained. Finally, at ratios of 10:1 to 20:1 Individual detergent-protein complexes are fomned 
free of membrane lipids. To determine the optimal conditions It Is Important to vary both the detergent and the protein 
concentration. 

[0026] Commonly used detergents and their critical micei concentrations (cmc) are listed In Table 3. 



Tables 
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Isolation of inclusion bodies 

[0029] In the cell there is competition between folding and aggregations. In many cases and In several host systems, 
recombinant proteins accumul ate intracelluJariy In insoluble aggregates. The proteins in these so-called inclusion 
bodies are mostly Inactive and denatured, in addition, dimers and multimers may be present. However, the expression 
of recombinant proteins in inclusion bodies can also be advantageous: 

• the recombinant protein deposited In Inclusion bodies can be 50% or more of the total cellular protein. 

• the inclusion bodies often contain almost exclusively the overexpressed protein. 

• in Inclusion bodies the protein is protected from proteolytic degradation. 

• expression In Inclusion bodies will protect the cell against the toxicity of the recombinant protein. 

The major problem Is to recover biologically active and/or soluble protein in high yield, in order to accomplish this, the 
protei n in the inclusion bodies must by solubllized and refolded /n vitro. This procedure Is carried out in three phases: 
[0030] Inclusion bodies have a relatively high density and, therefore, can be pelleted by centrlfugatlon. Cells are 
usually disrupted by high-pnessure homogenfczatlon (optionally following a lysosyme treatment). It Is Important that cell 
lysis Is complete, because Intact cells sediment together with the Inclusion bodies, thus contaminating the preparation . 
After centrifugatlon, the pellet is washed wi th buffer containing either low concentrations of chaotropic agents (e.g. 
0.5 -1 M guanidine-HCI or urea) or detergents (e.g. 1% Triton X-100 or 1 mg/ml sodium deoxycholate). This wash step 
is necessary to remove contaminants, especially proteins (proteases), that may have absorbed onto the hydrophobic 
Inclusion bodies during processing. 

Solubilization of the aggregated proteins In the Inclusion bodies 

[0031] The washed inclusion bodies are resuspended and incubated in buffer containing a strong denaturam and a 
reducing agent (usually 20 mM DTT or b-mercaptoethanol). The addition of a reducing agent keeps ail cysteines in 
the reduced state and cleaves disulfide bonds fomned during the preparation, incubation temperatures above 30^C 
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are typically used to facilitate the solubilization process. 

[0032] Optimal conditions for solubilization are protein specific and have to be determined for each protein. 
[0033] After solubilization the solution can be centrtfuged or filtered to remove remaining aggregates which could 
act as nuclei to trigger aggregation during refolding. 
5 [0034] According to a specific embodiment of the Invention reported here after In the Examples, this step is Indicated 
as the Step 1 of the specific process described. 

Refolding of the soiubiilzed proteins 

10 [0035] Refolding of the soiubiiized proteins is Initiated by the removal of the denaturant. The efficiency of refolding 
depends on the competition between correct folding and aggregation. To slow down the aggreagtion process refolding 
is usually carried out at low protein concentrations, in the range of 10-100 mg/ml. Furthemnore. refolding conditions 
must be optimized for each individual protein. Important variables are the buffer composition (pH, ionic strength) the 
temperature and the additives (often in combination). 

IS [0036] If proteins contain disulfide bonds, the refolding buffer has to be supplemented with a redox system. The 
addition of a mixture of reduced and oxidized forms (1 -3 mM reduced thiol and a 5:1 to 1 :1 ratio of reduced to oxidixed 
thiol) of low molecular weight thiol reagent usually provides the appropriate redox potential to allow fonnatlon and 
reshuffling of disulfide bonds. The most commonly used redox shuffling reagents are reduced and oxidized glutathione, 
but also cysteine and cysteamlne are used. 

20 [0037] For certain protein, probably due to low solubility of folding Intermediates, this procedure is not very effective. 
Aitematlveiy. the protein Is completely oxidized in the presence of a large excess of oxidized glutathione, followed by 
dilution in refolding buffer containing catalytic amounts of reduced glutathione. 

[0036] Different methods for the refolding of proteins have been described. The most used method Is the removal 
of the soiublllzing agent by dialysis. During dialysis the concentration of thesolubillzing agent d ecreases slowly which 

25 allows the protein to refold optimally. The ratio of the volumes of the sample and the dialysis buffer should be as such 
that at the equilibrium concentration of the solubiiizing agent the protein has completely refolded. 
[0039] The concentration of the solubiiizing agent Is decreased by dilution allowing the protein to refold. Usually the 
dilution Is carried out slowly by step -wise addition of buffer or by continuous addition using a pump. 
[0040] During dialysis and slow dilution the protein Is exp osed for an extended period of time to an Intemiediate 

30 concentration of the solubiiizing agent (2 -4 M urea or guanldlne-HCI) where it Is not yet folded but no longer denatured 
and thus extremely prone to aggregation. This could be prevented by the rapidly dilution of the soiubiiized protein 
solution Into the refolding buffer. Aggregation during this process can l^e limited by adding mild solubiiizing agents to 
the refolding buffer, such as non-detergent sulfobetaines. 

[0041 ] In order to keep the concentration of th e unfolded protein low, thus limiting aggregation , allquots of denatured 
35 protein are added at defined time points to the refolding buffer. The time intervals between two pulses have to be 
optimized for each Individual protein. The process is stopped when the concentration ot denaturant reaches a critical 
level with respect to refolding of the specific protein. 

[0042] According to a specific embodiment of the invention reported here after In the Examples, this step is indicated 
as step 3 of the specific process des crlbed. 
40 [0043] The solubiiizing agent is removed using a chromatographic step. The application of different chromatography 
methods have been described: 

• size exclusion chromatography (e.g. gel filtration on a Superdex 75 column) 

• ion exchange chromatography 

^ • affinity chromatography (e.g. IMAC using Chelating Sepharose or Ni-NTA agarose) 

[0044] The denaturant is removed while the protein te slow migrating through the column or bound to the matrix. This 
usually gives a high yield of active protein even at protein concentrations In the mg/ml range. 

so EXAMPLES 

[0045] The Invention v/ili now be described in detail with respect to the purification of a Chemokine expressed in E. 
Coll. Chemokines constitute a family of small pro-inflammatory cytokines with leukocyte chemotactic and activating 
properties. Depending on the position of the first consen/ed cysteines, the chemokine family can be divided in C-C. 
55 C-X-C and C-X3-C chemokines (Baggiolini M. et al., Adv Immunol. 1994, 55:97-179; Baggiolini M. et al., Annu Rev 
Immunol. 1997,15:675-705: Taub D. etal.. Cytokine Growth Factor Rev. 1 996.7(4) :355-76). 

[0046] In particular, the detailed description that follows reports the purification of a triple mutant of human RANTES. 
This protein in the mature form (that is, after cleavage of the leader sequence MKKKWPR), has the sequence of SEQ 
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ID NO: 1 and will be referred to in the further part of this specification as RANTES triple mutant. The overall process 
Is sunimarized by the flow chart presented In Figure 1 , starting from the step of "solubilization of the aggregated proteins 
In the Inclusion bodies". The two previous classical steps of preparation if ceil lysates and isolation of inclusion bodies 
sire carried out using the methods known In the art and/or as described before. 

5 

Step 1 - Solubilization of the Aggregated Proteins the inclusion Bodies 

[0047] 60-90 gr of inclusion bodies containing FWJTES triple mutant are thawed. The pellet is dissolved with 450-800 
ml of solubilization buffer (6M Guanldlnlum Chloride, 0.1 M TrIs/HCI, 2mM DTT, pH 7.5+/-0.1) by means of the homog- 
io eniser Polytron until big particles are not visible anymore {about 5 minutes). Once homogenised, the solution is brought 
at a temperature of 60 ± 1 "C for 30'. 

[0046] Then the solution Is allowed to reach room tenperature and filtered with a 1 .2 |im membrane. 
[0049] The material In usually processed as soon as It is prepared, in altematrve it can be stored at -B0°C. 

IS Step 2 - Reverse Phase Chromatography On Source 30 RFC 

Buffers 

Pre-equilibration buffer: 0.1 M TRiS/HCi pH 7.5±0.1. 5% (v/v) Acetonrtrile. 

20 

[0050] 12.1 g. of Tris/hydroxymethllaminomethane is added to 800-900 ml of purified water. The pH Is adjusted to 
7.5 with i-ICi. 50ml of Acetonitriie is added and the solution Is brought to 1 liter with purified water. 

Equilibration buffer 0.1 M TRIS/HCI pH 7.5±0.1. 6i\1 Guanldlne and 2 mM DTT. 5% (vA^) Acetonitrlle. 

25 

[0051] 6M guanldlne and 2mM DTT are added to 600 ml of pre-equilibration buffer under stirring. After dissolution 
is completed, the solution Is brought to 1 liter with pre-equlllbratlon buffer. 

Washing buffer: 5% jv/v) Acetonitriie, 0.1 %TFA In water 

30 

[0052] 50 mi of acetonitriie and a vial of TFA are added to 900 mi of purified water and the solution is brought to 1 
liter with purified water. 

Elution buffer: 35% (ViV) Acetonitriie, 0.1 %TFA In water 

35 

[0053] 350 mi of acetonitriie and a vial of TFA are added to 500-600 ml of purified water and the solution is brought 
to 1 liter with purified water. 

Regeneration buffer: NaOH 0^ M. 60% n-propanol 

40 

[0054] 20 gr of NaOH is added to 600 mi of n -propanol and the solution is brought up to 1 liter with purified water. 
Storage buffer: NaOH 10 mM 
45 [0055] 0.4 gr of NaOH is added to 1 000 ml of purified water 
Procedure 

[0056] A column packed wrth Source 30RPC resin is flushed with at least 1 BV of NaOH 0.5M and subsequently 
so with purified water until the pH reaches neutral values. Then the column is equilibrated with 3 BV of pre-equilibration 
buffer followed by 2-3BV of the equilibration buffer. The pH Is checked and washing Is continued if the parameters of 
the column's effluent are out of target values: pH 7.5±0.1 . 

[0057] The solublllzed material prepared as described above is then loaded on the resin In the range of 5-1 8 mg of 
RANTES triple mutant/ ml of resin. When sample loading Is completed, the column Is flushed with 3-4 BVof equilibration 
55 buffer 0.1 M Tris/HCl + 5% Acetonitriie, pH 7.5 ± 0.1 . The flow trough and the wash are collected together 

[0058] Then the column Is flushed with the washing buffer: 5% Acetonitriie + 0.1% TFA in water until the pH of the 
column effluent is acidic (control with the pH Indicator). 

[0059] Eiutlon is started with the elution buffer: 35% Acetonitriie + 0.1 % TFA In water The fractions are collected as 
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soon as the OD signal starts to rise. About 3 -4 BV are collected as elution fraction. 

[0060] The protein content of the traction is calculated by th e OD 280 nm analysis (e=2.1). The fraction Is stored at 
+5±3°C waiting for the next step of refolding. 

[0061 ] After elution Is completed flush the column with at least 4 BV of regeneration buffer followed by 33V of purified 
5 water. 

[0062] The column is flushed with at I east 3 BV of NaOH and then the column Is rinsed with purified water. 
[0063] Afterwards the column is flushed with at least 3 BV of storage buffer and stored at room temperature until the 
next cycle. 

[0064] The step here described Is very efftdant in the removal of celt Impurities and gives a solution containing 
10 semipurified RAISTTES triple mutant ready to be submitted to the refolding step. 

Step 3 - Refolding 

[0065] In this step the unfolded RANTES triple mutant, eluted from the RPC column, is refolded by means of dilution 
IS in a suitable buffer and the use of a redox system. 

Refolding buffer: 0.1 M Tris/HCI pH 7.5, 0.2 mM glutathione reduced fomri, 0.02 mM Glutathione oxidized fonn; cond. 
6.0±1 mSi/cm 

20 [0066] 12,1 gr of Tris, 61 .5 mg of glutathione reduced and 12.2 mg of glutathio ne oxidized are added to 900 ml of 
purified water under stining, bring to pH 7.5±0.1 with concentrated HCI and make up to litter. The solution is then 
stored at refrigerated temperature -fS^C ±3°C for not more than two days. 

Procedure 

25 

[0067] This step is perfonned at refrigerated temperature (+5±3**C). The RPC elution fraction Is diluted by adding It 
ovemlght drop by drop under mild stirring Into a suitable volume of refolding buffer In order to reach a theoretical final 
concentration (calculated by OD) of 0.2-0.4 mg/ml. 

[0066] Step 2 described before is very efficient in the removal of cells Impurities giving a solution containing semi- 
30 purified RANTES triple mutant ready to be submitted to the refolding step. 

Step 4 ■ lEC on SP Seph arose FF 

Buffers And Solutions 

35 

Equilibration buffer 0.1 IS/1 Tris/HCI pH 7.5±0.1 , conductivity 6.0±1 mS/cm 

[0069] 12.1 g of Tris Is added to 900 ml of purified water under stirring. pH Is brought to 7.5i:0.1 with 37% HCI and 
the solution is brought up to 1 titer. Conductivity is checiced. The solution is stored at room temperature for not more 
"^0 than two days. 

Elution buffer: 0.1 M Tris/HCI pH 7.5±0.1 . 0.6 M NaCI, conductlvlly 57.Q±2.0 mS/cm " 

[0070] 1 2.1 g of Tris and 35 g of NaCl are added to 900 mi of purified water under stirring, the pH is brought to 7.5±0.1 
45 with HCI concentrated and the solution Is brought up to 1 litre. Conductivity is checlced. This solution is stored at room 
temperature -i-20**C±5°C and used within two days. 

Regeneration buffer: : 1 .5 M NaCi 

so [0071 ] 87.6 g of NaCi is dissolved in 900 ml of p urifled water under stirring and the solution is brought up to 1 litre. 
This solution Is stored at room temperature +20°C±5'*C and used within two days. 

Sanitizing solution: 0.5M NaOH 

S5 [0072] 20 g of NaOH is dissolved In 900 ml of purified water under stirring and the solution is brought up to 1 litre. 
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Storage solution: 0.01 M NaOH 

[0073] 0.4 g of NaOH Is dissolved In 900 ml of purified water under stirring and the solution Is brought up to lllter. 
Tills solution is stored at room temperature ■f20±5°C and used within two days. 

5 

Procedure 

[0074] The column pacl<ed with SP Sepharose F resin is flushed with 3BV of NaOH 0.5 M followed by purified water 
until the pH goes down to neutral values (pH indicator paper). Then the column Is flushed again with 5 or more BV of 
10 equilibration buff er. pH and conductivity are checlced and the wash is continued, if the parameters of the column's 
effluent are out of target values: pH 7.5±0.1 , conductivity 6±1 mS/cm. 

[0075] Then the filtered post refolding material is loaded and the unbound fraction Is collected. 

[0076] When sample loading Is completed, the column is flushed with 1 -2 BV of equilibration buffer and collection 

Is continued. At this point usually the UV signal is on the baseline. 

19 [0077] Then the column Is flushed with the elution buffer The elutlon fraction Is started to be collected when the UV 
signal starts to rise, usually after the first 0.8 BV. 3BV of eluate Is collected and this fraction is stored at 2-8''C until the 
next step of cleavage. 

[0078] After eiutlon Is completed, the column Is flushed with at least 4 BV of regeneration buffer. 

[0079] The column b flushed with at least 3 BV of NaOH and then rinsed with 3 BV of purified water. The 

20 column is flushed with at least 3 BV of storage solution and stored until the next cycle. 

Step 5 - Cleavage 

[0080] The cleavage step Is used to remove the -RANTES triple mutant leader sequence (MKKKWPR) from the 
25 correct sequence. 

Procedure 

[0081] The cleavage is performed at a temperature of 37 ±1 <'G in a thermostatic oven. 
30 [0082] The quantity of trypsin to be added \s calculated on a ratio of 1 :1 0000 in respect of the RANTES triple mutant 
content calculated by RP-HPLC analysis. 

[0063] The trypsin is added as soon as the material to be cleaved has reached the target temperature. 
[0084] The ongoing of the cleavage Is toltowed by the RP -HPLC analysis that is able to separate the not cleaved 
peak from the cleaved one. Usually the cleavage Is completed after about 3 hours. Just after the cleavage is completed, 
35 4n order to stop the rsactJon, the pH of the solution Is brought to 3.2 with coi^ntrated phosphoric acid. 

Step 6 - lEC on SP Sepharose HP 

Buffers And Solutions 

40 

Buffer A -Equilibration-: 50 mM Ammonium Acetate pH 3.2±0.2, conductivity 0.4 ±0.1 mSI/cm 

[0085] 2.8 ml of acetic acid is added to 900 ml of purified water under stirring, the pH is brought to 3.2±0.2 with 
ammonia 25% and the solution is brought up to 1 litre. 
^ Conductivity Is chedced. The solution is stored at room temperature 20*'C ±5'*C for not more than two days. 

Buffer B -Elution-: 50 mlVl Ammonium Acetate pH 3^0.2. 1 M NaCI conductivity 63 ± 2 mS/cm 

[0066] 2.8 ml of acetic acid and 58.4 g of NaCI are added to 900 ml of purified water under stirring, the pH is brought 
so to 3.2±0.2 with ammonia 25% and the solution is brought up to 1 litre. pH and conductivity are checlced. 
[0087] The solution Is stored at room temperature 20°C ±5°C for not more than two days. 

Sanitizing solution: 0.5M NaOH 

^ [0088] 20 g of NaOH is dissolved in 900 mi of purified water under stirring and the solution is brought up to 1 litre. 
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Storage sotution: 0.01 M NaOH 

[00B9] 0.4 g of NaOH is dissolved In 900 ml of purified water under stirring and the solution is brought up to 1 ittre. 
This solution is stored at room temperature +20d:5**C and used within five days. 

5 

Procedure 

[0090] Post cleavage material is diluted 1 :2 with purified water in order to obtain a conductivity of the solution around 
30 mSI/cm 

10 [0091] This chromatographic step requires the use of a system able to perfonn gradients between tiie equilibration 
and elution buffers. 

[0092] The column Is flushed with at least 3BV of NaOH O.SM and rinsed with purified water until the pH is neutral. 
Then the column is flushed with column 4-5 or more BV of equilibration buffer. pH and conductivity are checked and 
washing Is continued, if the parameters of the column's effluent are out of target values: 

15 

pH 3.2±0,2 and conductivity 0.4± 0.1 mS/cm 

[0093] The starting material prepared as above is loaded on the column. As soon as the loading is completed, the 
column Is flushed with 2-3 BV of equilibration buffer, until the UV signal reaches the baseline and then the column is 
20 flushed with a buffer composed by 60% of equilibration buffer and 40% of elution buffer. About 5-6 BV of this washing 
fraction Is collected. 

[0094] Elution is perfonrted with a gradient between 40% and 100% of buffer B in 20 BV. The elution is collected In 
fractions (1 min. each one) that will be pooled later on, following the chromatogram pattem that usually shows the 
peaks from the peptide sequence, the cleaved (and correct) one and the uncleaved molecule. Based on the chroma- 
2s togram the fractions that lorn the peak of interest are collect ed in order to town the elution fraction. 

[0095] Then the column is flushed with at least 3-4 BV of NaOH and then rinsed with 3-4 BV of purified water. 
[0096] The column Is flushed with at least 3 BV of storage solution and stored until the next cycle. 

Step 7 - Bulk Uttrafiltration 

30 

Buffers And Solutions 

Buffer: 50 mW\ Ammonium Acetate, pH 4.0±QA conducth^lty 1 .0±0.2 mS/cm 

35 [0097] 2.8 ml of Acetic Acid is added to 900 ml of purified water, under stirring. The solution is brought up to 1 litre. 
The pH 1s brought to 4.0 ± 0.1 with 25% ammonia and conductivity Is checked. This sotution Is stored at room temper- 
ature +20±5°C and used within 1 day. 

Santtlzlna solution: 0.5 M NaOH 

40 

[0098] 20 g of sodium hydroxide are dissolved in 900 ml of purified water under stirring. The solution is brought up 
to 1 litre and stored at room temperature. 

Storage solution: 0.05 M NaOH 

45 

[0099] 2 g of sodium hydroxide is dissolved In 900 ml of purified water under stirring, the solution is brought up to 1 
litre, stored at room temperature +20±5°C and used within three days. 

Procedure 

50 

[0100] The ultafiitration system is assembled with a regenerated cellulose membrane at cut off 3KD (IVIillipore). 
[0101 ] The uttrafiltens are sanitized with 200 ml of NaOH 0.5 M by recycling the alkaline solution for not less than 30 
minutes and then rinsed with purified water until permeate pH is below 7.5. 

[0102] The SP HP pool elution solution Is reclrouiated on the system at a constant presslon of slightly less than 0.5 
S5 bar and purified water is added, trying to maintain the volume constant. Conductivity is checked and washing is con- 
tinued until it reaches values betow 1 mSi/cm. 

[0103] Then the column is washed with the bulk buffer 50 mM Amnrwnlum Acetate pH 4.0± 0.1 , cond. 1 .Q±0.2 mSl/ 
cm until permeate reaches the same values. 
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[0104] The retentate fraction is collected and the system is washed recircuiating it with the same buffer untii no foam 
is visible anymore. 

[0105] The uitrafitters are washed and sanitized by recycling around 200 mi of 0.5 iV^ NaOH for at least 30 minutes, 
then rinsed uitrafitters with purified water untii the pemneate pH Is below 7.5. The uitrafilters are then stored In O.OSM 
NaOH at 4-20 ±5*'C until the next cycle. 

Analysis 



[0106] The preliminary analysts for quantitation of RAInJTES triple mutant has been set up to measure the concen- 
tration of the molecule in the i n process samples to monitor the yield of the process and to monitor both refolding and 
cleavage steps. IHere follows the description of the analyses. 



Equipment 


Analytical HPLC system equipped with column oven 


Column 


Symmetry C18, 3.5 \l, 4.6x 75mm 


Eiuent A 


0.1% aqueous TFA 


Eiuent B 


0.1% TFA in acetonitriie 


Eiuent C (for column 
storage) 


50% acetonitriie in water 


Meinoa 




UV detection 


214 nm 


Temperature 


45*»C 


injection time 


50 minutes 


Injection volume 


10-100^1 


Gradient 


Time 


%A 


%B 


0 


75 


25 


25' 


65 


35 


25.1' 


20 


80 


30' 


20 


80 


•30.1 • 


75 


25 


*38' 


75 


25 


•38. r 


75 


25 


Flow rate 


1 ml/minute 

• step perfomned at 1 .2 ml/min 


Reference sample 


Purified uncleaved RANTES triple mutant at the concentration of 0.65 g/ml by OD 
(E=21) 



[0107] The overall recovery of the purification process estimated by RP-lHPLC resulted to be over 30%, which Is a 
very good result compared with the data in the literature; the purity by RP-HPLC is >90%, by SE-HPLC is > 95% and 
the HCP content, analysed with an ELISA commercial kit, is < 1 00 ppm. 

[0108] A panel of such other analyses as SDS, lEF and iVIaldi TOF on the several batches of dmg substances 
produced confirmed the consistency of the process both as purity and quality of the molecule. 
[0109] Although the process has been here described with abundance of particulars with respect to the purification 
of a specific chemokine mutant, it Is understood that many olsvious variations are within the skill of an average expert 
in the field. 

[0110] Such variations of the process parameters, as well as th e application of the process to any protein that is 
able to withstand the process conditions, may be made without affecting the spirit and scope of the invention that Is 
defined by the following claims. 
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SEQUENCE LISTING 



5 


<110> 


APPLIED RESEARCH SYSTEMS ARS 




<120> 


PROCESS FOR THE PURIFICATION 




<130> 


EP808Z 


10 


<160> 


2 




<170> 


Patentin version 3 . 1 


13 


<210> 
<211> 
<212> 
<213> 


1 

67 
PRT 

Escherichia coli 


20 


<400> 


1 




Ser Pro Tyr Ser Ser Asp Thr Thr Pro 
1 5 



10 15 

25 Arg Pro Leu Pro Arg Ala His lie Lys Glu Tyr Phe Tyr Thr Ser Gly 
20 25 30 

Lys Cys Ser Asn Pro Ala Val Val Phe Val Thr Ala Ala Asn Ala Gin 
30 35 40 45 

Val Cys Asn Pro Glu Lys Lys Trp Val Arg Glu Tyr lie Asn Ser Leu 
50 55 60 



Glu Met Ser 
65 



<210> 2 

<211> 74 

<212> PRT 

<213> Escherichia coli 

^ <220> 

<221> MISC_FEATURE 

<222> (1) . . (7) 

<223> Leader sequence 

50 
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<400> 2 

Met Lys Lys Lys Trp Pro Arg Ser Pro Tyr Ser Ser Asp Thr Thr Pro 
15 10 15 

Cys Cys Phe Ala Tyr lie Ala Arg Pro Leu Pro Arg Ala His lie Lys 
20 25 30 

Glu Tyr Phe Tyr Thr Ser Gly Lys Cys Ser Asn Pro Ala Val Val Phe 
35 40 45 

Val Thr Ala Ala Asn Ala Gin Val Cys Asn Pro Glu Lys Lys Trp Val 
50 55 60 

Arg Glu Tyr lie Asn Ser Leu Glu Met Ser 
65 70 

2 

Claims 

1 . in a process for the recovery of a protein expressed in prolcaryotio host ceiis as inclusion bodies and Its subsequent 
purification, the Improvement consisting in interposing a Reverse Phase Chromatography step between the step 
of solubilization of the aggregated proteins In the Inclusion bodies/denatu ration and the renaturation/refolding step. 

2. The process of claim 1 , In which the prokaryotic cells are bacterial cells. 

3. The process of claims 1 or 2, in which the bacterial cells are E. Coli cells. 

4. An Improved process according to any of claims 1 and 2, In which the protein extracted and purified is a chemokine. 

5. The process of claim 3 wherein the chemokine Is the chemokine mutant of SEQ ID NO: 1 . 
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Figure 1 
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Solubilization 



i 

filtration 
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Refolding 



i 

filtration 
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Cleavage 
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